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Introduction
Emerging ecological concerns and the ever increasing energy demand of the modern society have become global problems being recognized as obstacles for the sustainable development of economy and society. Storage and efficient use of electrical energy is bound to depend on the development of power storage systems with high energy density and power density.
Supercapacitor [1] , also named electrochemical capacitor and ultracapacitor, is a new energy storage device between the traditional battery and capacitor. Supercapacitor is identified as a 3 promising solution to solve the facing problems due to their higher rate capacity, long cycle life, high dynamic propagation, and low maintenance cost compared to the traditional batteries and capacitors [2] .
According to the energy storage principle, the electrochemical supercapacitor can be divided into electric double layer capacitors and Faraday capacitance (pseudocapacitor). The major energy storage mechanism of double layer capacitors is the static accumulation of reversible ions on the surface of porous carbon, while as for the pseudocapacitor, the main energy storage mechanism is fast and reversible chemical reaction in the charging and discharging process of the electrode materials [3, 4] . Extensive explorations have shown that for achieving supercapacitor with high performance, the working electrode material is crucial. At present, it's a hot topic to produce composite electrode materials with synergistic effect.
Graphene, a crystalline allotrope of sp 2 In this work, 3-D graphene/PANI nanorods were fabricated by hydrothermal treatments using graphene oxide (GO) solution and then in-situ synthesis of PANI nanorods on the surface of graphene hydrogel. The detailed synthesis procedure as well as the morphology and structure of the as-obtained composite were presented. The electrochemical capacitive properties of the composite were measured for the special 3-D structure and the corresponding mechanism was analyzed.
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Experimental
Synthesis of three-dimensional graphene hydrogel
The schematic diagram and the samples of 3-D graphene/PANI nanorods are presented in Fig. 1. GO was obtained by modified Hummers methods. Briefly, first, the low temperature (0 ℃) reaction, 1g flake graphite and Na2SO3 mixed with 50 mL concentrated sulphuric acid were stirred by magnetic stirring apparatus in ice water bath. Then 6 g KMnO4 was put into the solution slowly in order to reduce the heat caused by the redox reaction. The reaction was maintained at this temperature for 1 hour and the color of the solution was dark green in this step. And then followed by the middle reaction, the beaker with the reactant was transferred to 35 ℃ in water bath, stirring for 1 hour. Finally, the high temperature reaction, the temperature of the water bath increased to 95 ℃ and meanwhile 80 ml distilled water was added to the solution slowly. recovery of π-conjugated system from GO sheets.
Synthesis of PANI nanorods on the surface of 3-D graphene
After the synthesis of graphene hydrogel, polyaniline was in situ formed inside in the hydrogel on the surface of graphene. During the reaction, aniline monomers were slowly added into 1.5 mol L -1 hydrochloric acid solution and mixed homogeneously with magnetic stirrers.
Then as-prepared hydrogel was put into the solution. (NH4)2S2O8 was dissolved in the hydrochloric acid solution. The mol ratio of (NH4)2S2O8 versus aniline monomers was 1:1. The (NH4)2S2O8 hydrochloric acid solution was dropwisely added into the aniline monomers hydrochloric acid solution. The chemical oxidation polymerization method is usually in acid medium, triggered by using water-soluble initiator to polymerize the monomer. The (NH4)2S2O8
6 was used as initiator. The velocity of polymerization is controlled by the dropwise speed of (NH4)2S2O8. The solution color was gradually changed into dark green. The reaction temperature was set as 0～5 ℃ using refrigerator. The total reaction time was 6 hours.
Characterization
Transmission electron microscope (TEM, JEOL JEM-3100), field emission scanning electron microscope (SEM, JSM-6700F), X-ray diffraction patterns (XRD, X'Pert PRO) and the Raman scattering spectrum (LabRAM HR800, HORIBA) are used for qualitative analyses on the surface morphology, structural characteristics and components composition of all samples.
Electrochemical behavior of the as-synthesized composite was characterized by a CHI 650D electrochemical workstation (Shanghai, Chenhua) in a two-electrode system, E vs SHE/V (SHE refers to standard hydrogen electrode), using 1 M Na2SO4 as electrolyte. The samples were directly served as a working electrode and a counter electrode, separated by a diaphragm. Cyclic voltammograms (CVs) measurements were performed at the velocity range from 10 to 500 mV s -1 .
The galvanostatic cycling for each electrode was also performed at a current density of 0.8 A g -1 ,
1.5 A g -1 and 3.0 A g -1 respectively. EIS was carried out over a frequency range of 100 kHz to 0. was calculated from CV curves according to the following equation.
where I is the charge-discharge current, m is the total mass of samples adhered in two electrodes, and V  is the potential window during the CV measurements process. Fig. 2 is SEM images of 3-D graphene composite after freeze-drying procedure. During the reaction, water drops was used as soft molds for the graphene and then were sublimed during the freeze-drying, which leads to the formation of porous structure. The size of the hole is about 16 μm as shown in Fig. 2(a) . The porous structures limited the agglomeration of graphene layers and make it possible for the pretty low density as well as the high specific surface area, which increase the double layer capacitance greatly. Fig. 2(b) shows the stacked graphene layers. The 3-D graphene structure includes stacked graphene with multiple layers and there are also some with 7 just a few layers as presented in Fig. 2(b) . Fig. 2(c) and (d) show the folds on the surface of 3-D graphene, which might be due to the pressure and surface tension during the hydrothermal reaction and the abundant graphene folds make it possible for the higher specific surface area and specific capacitance. Fig. 3 (a) and (b) are CV curves of GO and 3-D graphene with a scanning rate of 10 mV s -1 .
Results and Discussion
From these curves, the shape barely change during the first five cycles, indicating the good cycle stability, which might be due that the double layer capacitance plays the main role as the electrode materials are carbon nanomaterials and they have good structure stability during the cycle processing. The specific capacitance of 3-D graphene and GO which was calculated based on CV curves at the scan rate of 10 mV s -1 is 104.15 and 23.69 F g -1 , respectively. The 3-D porous structure of graphene decreases the agglomeration of graphene layers and performs a higher specific surface area than that of GO and hence it has larger specific capacitance. electrolyte as well as increases the structure stability and cycle stability of PANI. This filler structure of PANI inside graphene foam also illustrates the reason why the graphene hydrogel doesn't shrink too much during the drying process. As from Fig. 5(a) , it can be seen that PANI growing on the surface of graphene inside the foam structure partially fills the pore of the 3-D graphene composite. Fig. 5(b) is the enlarged picture of Fig. 5(a) , showing the morphology of the PANI surface. PANI nanorods exhibited as a short stick shape. The sticks agglomerate together and the growth orientation is anisotropic. The agglomerated PANI nanorods were grown on the surface of graphene for increasing the specific surface area of the composite. The surface of PANI is rough and there are quantities of bulges, which further increases the contact area between 3D-graphene composite and electrolyte. In conclusion, the 3-D graphene network stabilizes the structure of PANI nanorods and improves the cycle stability of PANI nanorods during the charge-discharge process.
Fig. 6(a) is TEM image of 3-D graphene/PANI nanorod composite. The several layers
graphene was folded which reduces the surface energy and increases the specific surface area so as to obtain higher specific capacitance. The graphene was used as substrate for the growth of PANI nanorods. In Fig. 6(b) , the average length of the nanorods is about 340 nm and the average width of the nanorods is about 60 nm. It can be concluded that the existence of graphene promote the growth of PANI nanorods. Fig. 6(c) is the XRD spectra of graphene/PANI nanorod composite and PANI. Both the spectra show the sharp peak due to the existence of PANI. As for the graphene/PANI composite, there is a broad low intensity peak at around 20°corresponding to that of graphene, proving the existence of graphene. Compared to the peak of PANI, the peak of graphene is not sharp, which might be due to the quantity of graphene is far less than that of PANI. 
